Calcium binding to the H+,K(+)-ATPase. Evidence for a divalent cation site that is occupied during the catalytic cycle.
The binding and conformational properties of the divalent cation site required for H+,K(+)-ATPase catalysis have been explored by using Ca2+ as a substitute for Mg2+. 45Ca2+ binding was measured with either a filtration assay or by passage over Dowex cation exchange columns on ice. In the absence of ATP, Ca2+ was bound in a saturating fashion with a stoichiometry of 0.9 mol of Ca2+ per active site and an apparent Kd for free Ca2+ of 332 +/- 39 microM. At ATP concentrations sufficient for maximal phosphorylation (10 microM), 1.2 mol of Ca2+ was bound per active site with an apparent Kd for free Ca2+ of 110 +/- 22 microM. At ATP concentrations greater than or equal to 100 microM, 2.2 mol of Ca2+ were bound per active site, suggesting that an additional mole of Ca2+ bound in association with low affinity nucleotide binding. At concentrations sufficient for maximal phosphorylation by ATP (less than or equal to 10 microM), APD, ADP + Pi, beta,gamma-methylene-ATP, CTP, and GTP were unable to substitute for ATP. Active site ligands such as acetyl phosphate, phosphate, and p-nitrophenyl phosphate were also ineffective at increasing the Ca2+ affinity. However, vanadate, a transition state analog of the phosphoenzyme, gave a binding capacity of 1.0 mol/active site and the apparent Kd for free Ca2+ was less than or equal to 18 microM. Mg2+ displaced bound Ca2+ in the absence and presence of ATP but Ca2+ was bound about 10-20 times more tightly than Mg2+. The free Mg2+ affinity, like Ca2+, increased in the presence of ATP. Monovalent cations had no effect on Ca2+ binding in the absence of ATP but dit reduce Ca2+ binding in the presence of ATP (K+ = Rb+ = NH4 + greater than Na+ greater than Li+ greater than Cs+ greater than TMA+, where TMA is tetramethylammonium chloride) by reducing phosphorylation. These results indicate that the Ca2+ and Mg2+ bound more tightly to the phosphoenzyme conformation. Eosin fluorescence changes showed that both Ca2+ and Mg2+ stabilized E1 conformations (i.e. cytosolic conformations of the monovalent cation site(s)) (Ca.E1 and Mg.E1). Addition of the substrate acetyl phosphate to either Ca.E1 or Mg.E1 produced identical eosin fluorescence showing that Ca2+ and Mg2+ gave similar E2 (extracytosolic) conformations at the eosin (nucleotide) site. In the presence of acetyl phosphate and K+, the conformations with Ca2+ or Mg2+ were also similar. Comparison of the kinetics of the phosphoenzyme and Ca2+ binding showed that Ca2+ bound prior to phosphorylation and dissociated after dephosphorylation.(ABSTRACT TRUNCATED AT 400 WORDS)